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EXECUTIVE SUMMARY 


A new damage based fee schedule is proposed herein for overweight vehicle traffic on 
Montana highways. The new schedule, which specifically addresses single trip movements of 
overweight vehicles carrying non-divisible loads, is designed to compensate the state for (a) the cost 
of administering the permit program and (b) the cost of the extraordinary (and unexpected) damage 
inflicted on the highway by the overload. These costs are to be recovered through a flat 
administration fee and a graduated fee related to the amount and distribution of the overload and 
the distance traveled. This schedule would replace the current overweight fee system, which simply 
assesses flat fees based on broad categories of distance traveled. The graduated damage fee in the 
proposed schedule is calculated as the product of a net damage cost per mile times the distance to 
be traveled (in miles). The net damage cost per mile is calculated as the product of the excess 
damage factor for the vehicle times a unit damage cost per mile. The excess damage factor for the 
vehicle is based on the amount the individual axle loads exceed the maximum unpermitted axle loads. 
A chart of excess damage factors was prepared for each major axle type (single, tandem, and tridem) 
in 1,000 pound increments of total axle load. The net damage factor for the vehicle is simply the sum 
of the damage factors for the individual axles. 

The damage related portion of the proposed fee schedule was developed based on a study 
of the factors that influence pavement damage and the cost of such damage. For the purposes of this 
study, damage was defined as the general deterioration and loss of serviceability of the pavement with 
use and time. The pavement damage associated with the passage of a particular vehicle was 
expressed in terms of the relative life of the pavement consumed by the passage of that vehicle. 
Factors that influence the damage inflicted on a pavement by any given vehicle include various 
characteristics of both the vehicle and the pavement it traverses. In a review of these characteristics 
(e.g., axle load, tire width, tire pressure, subgrade conditions, pavement type, etc.), it was found that 
individual axle loads (not gross vehicle weight) have an overwhelming influence on pavement damage. 
In the interest of simplicity in applying the new schedule, axle load was the only parameter explicitly 
considered in the proposed fee structure. Relationships between total axle load, axle configuration, 
and pavement damage have been experimentally established. These relationships are usually 
expressed in terms of the number of passages of an 18,000 pound axle necessary to inflict the same 
pavement damage as a single passage of the axle in question (referred to as the number of equivalent 
single axle loads, or ESALs). Experimental results indicate, for example, that a single axle loaded at 
24,000 pounds does three times as much pavement damage as the same axle loaded at 18,000 pounds. 


Single passage of the 24,000 pound axle is equivalent to three passages of an 18,000 pound axle with 
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respect to pavement damage. Thus, the 24,000 pound axle has an ESAL value of 3.0. Similar 
equivalencies have been established for tandem and tridem axle configurations. 

These ESAL to axle load relationships can be used to determine the excess damage inflicted 
by each axle of an overweight vehicle. This damage is calculated as the difference between the total 
damage for any overweight axle and the damage which would be inflicted by the same axle operating 
at the maximum unpermitted load. The excess damage or damage factor for the entire vehicle can 
then be calculated as the sum of the excess damage (excess ESALS, for example) associated with 
each overweight axle. 

A cost was assigned to the excess pavement damage resulting from overweight vehicles using 
information available for recent highway projects in Montana. An average project cost was divided 
by an average design life (expressed in total number of equivalent single axle passages, or ESALs) 
to obtain a unit pavement cost (e.g., expressed in dollars/ESAL/mile). A percentage of this cost (60 
or 80 percent, depending on traffic volume) was attributed directly to vehicular use (damage) of the 
highway; the remaining damage was attributed to adverse environmental conditions and aging of the 
pavement. Following this approach, a cost of $0.16/ESAL/mile was obtained for primary and 
interstate highways in Montana. This unit pavement cost is then multiplied by the net damage factor 
for a vehicle (expressed in ESALs), and the distance traveled, to obtain the damage related portion 
of the permit fee. This approach to calculating pavement costs may seem simplistic, in that pavement 
construction costs are actually influenced by many factors, such as the pavement maintenance strategy 
employed by the state, available funds, and other economic, social, and political issues. The key is 
that although this is a rudimentary approach, it is appropriate and adequate based on the 
uncertainties associated with many of these factors. 

The form of the proposed fee schedule is reasonable with respect to the overweight fee 
practices in other states. A survey of these practices nationwide indicated little uniformity in 
overweight fee schedules between the states. Schedules range in complexity a simple flat fee to a 
complex system that considers, individually or collectively, factors such as axle weights, gross vehicle 
weight, type of highway, and distance traveled in arriving at a permit fee. Wyoming, for example, 
utilizes all these factors in assessing permit fees. Several states in addition to Wyoming, in the 
Northwest and West, use some form of weight per mile charge in assessing overweight vehicle fees. 

Based on a limited sampling of typical overweight situations in Montana, the new schedule, 
if implemented, will result in a net increase in overweight permit fees. On an individual basis, some 
vehicles may pay a lower fee using the new schedule than was assessed under the old schedule. The 
fee structure proposed herein is based on axle weight, rather than gross vehicle weight. An 


overweight vehicle with properly distributed axle loads, that inflicts little excess damage to the 
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pavement, will pay low permit fees. Thus, the proposed fee schedule rewards proper weighting of 
axles to minimize pavement damage. Such an incentive to load vehicles in a manner to limit 
pavement damage is absent in the fee structure currently used in Montana. Note that the proposed 
fee schedule may have to be modified to accommodate special circumstances in which the damaging 
effects of large axle loads are mitigated by other factors. Special consideration may be required for 
example, for heavy equipment with wide, large diameter tires that minimize tire-to-pavement contact 
pressures. Furthermore, while the proposed schedule addresses single axles, tandems, and tridems 
(common axle configurations), some vehicles are now equipped with quadrums (four closely spaced 
single axles). The damaging effects of this axle configuration need to be studied, and fee provisions 


developed as appropriate. 
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INTRODUCTION 


Background 
Development of a rational fee schedule for permitted overweight vehicle travel on public 


highways is a challenging problem. Overweight vehicles, by definition, place a demand on pavements 
in excess of that originally anticipated in the highway design process. This increased demand results 
in accelerated deterioration of the pavement and an attendant decrease in its service life. 
Consequently, overweight vehicles have traditionally been assessed special user fees to account for 
the accelerated damage. The general approach has been to assess a fee proportionate to the 
expected excess pavement damage plus the cost of issuing the permit. The damage fee has two 
components, namely, the amount of excess damage inflicted per mile, and the number of miles to be 
traveled. The damage inflicted per mile is dependent on several factors, including, the vehicle axle 
weights, tire widths, and tire pressures, and the pavement condition, type, temperature, and subgrade. 
All these factors influence the damage sustained during overloading. The exact nature of the 
relationship between many of these parameters and pavement damage is not precisely understood. 
Furthermore, the cost of such damage can be difficult to quantify, since factors such as the choice 
of rehabilitation strategy, the time value of money, and the economic benefits of allowing overweight 
vehicle traffic come into play. Finally, in developing an overweight fee schedule, practical aspects of 
its administration must also be considered. The fees must be simple to understand, and easy and 
quick to calculate. 

Presently, each state regulates overweight vehicle travel within its own borders, subject to the 
provisions of Federal law. A variety of overweight fee schedules are being used, and they consider 
some, or all, of the issues mentioned above. Montana presently charges "flat" fees for various 
categories of distance traveled, independent of the amount of overweight. While this present fee 
schedule is simple to administer, a more equitable system might consider at least the magnitude of 
the overweight as well as the distance traveled in arriving at a permit fee. This approach has been 


adopted in many states. 


Objectives and Scope 
The objective of this project was to develop a pavement damage based, graduated fee 


schedule for overweight vehicle travel on state highways in Montana that would replace the present 
system of simply assessing overweight fees based on broad categories of distance traveled. The 
project specifically targeted one-way trips involving non-divisible loads. The project began with a 


review of current practice in other states and of the present engineering knowledge regarding the 
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underlying factors that influence pavement damage caused by overweight vehicles. The repair and 
maintenance costs associated with this damage were also researched. The basic form of the proposed 
fee schedule for Montana was derived from this information. The selected form of the fee schedule 
represents a compromise between the requirements of technical rigor in the formulation and practical 
simplicity in its application. This schedule is based on the excess pavement damage associated with 
the passage of each overweight axle. (Note that extraordinary damage to bridges was not considered 
in the fee schedule.) The specific values presented in the schedule reflect the legal load limits, 
highway construction and maintenance costs, etc. particular to Montana. Example fee calculations 
for typical overweight vehicle configurations were done using the new schedule. These fees were 
compared with those charged in neighboring states for the same vehicle and with penalties which 
would be assessed in Montana for illegally moving the same loads. Recommendations were made 
with respect to possible future improvements in the fee schedule, notably with respect to increased 


equitability through computerization of the system. 
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PAVEMENT DAMAGE AND OVERWEIGHT VEHICLES 


General Remarks 

To assess the excess damage inflicted on a pavement by an overweight vehicle, it is necessary 
to first select an appropriate measure of pavement damage and then to research the basic factors that 
influence and contribute to this damage. For the purposes of this study, damage was defined as the 
general physical deterioration of the pavement with use and over time. The damage sustained due 
to vehicular use was of special interest in this study, and this damage was measured in terms of the 
decrease in useful life of the pavement associated with the passage of each vehicle. The damage 
sustained by a given pavement due to the passage of a single vehicle is affected by several factors 
related to both the vehicle and the pavement. Important characteristics of the vehicle include 
individual axle loads, axle configuration, tire configuration, tire size, and tire pressure. Pavement 
related parameters of interest include pavement type (e.g., asphalt or concrete), thickness, subgrade 
conditions, temperature, and present condition. Naturally, each factor contributes to the damage in 
varying degrees, and they have been listed approximately in their order of importance, with axle load 
and axle configuration overwhelmingly having the most effect on pavement damage. Based on the 
values of these various parameters, the damage sustained during passage of a single vehicle can be 
assigned a numerical value. If the vehicle is overweight, the damage can be divided into two parts, 
namely, the anticipated damage associated with the vehicle operating at the maximum unpermitted 
load, and the excess damage resulting from the overload. This excess damage, expressed in terms of 
the decrease in the useful life of the pavement, can be assigned an economic value by prorating it 


against the expected life of the pavement and the total cost of its construction/rehabilitation. 


Axle Loads and Gross Vehicle Weight 
The AASHO Road Test (Highway Research Board (HRB), 1962) and other studies (e.g., 


Wang, 1982) have demonstrated that pavement sustains rutting and fatigue damage under traffic 
loads. The fatigue damage can be generally related to the horizontal tension stresses generated at 
the base of the pavement under repeated loads (Bonaquist, et.al., 1989). Rutting, primarily a problem 
in flexible pavements (such as asphalt), can be generally related to the vertical compressive stresses 
generated at the top of the crushed aggregate base (Bonaquist, et.al., 1989) and densification and 
lateral creep of the pavement material (Oteng-Seifah and Manke, 1976). In the damage process, 
passage of each axle or axle group (e.g., tandems or tridems) making up a vehicle constitutes a load 
application. Thus, damage accumulated by each vehicle passage is related to the magnitude and 


number of its axle loads, rather than simply its gross weight. At low axle load levels, the damage 
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inflicted during any given passage may be imperceptible, and the deterioration becomes evident only 
after the accumulation of many load cycles. At higher axle loads, more damage is inflicted by each 
passage, and pavement failure could occur after the passage of only a few such axles. At the extreme, 
passage of a single sufficiently heavy axle could result in immediate pavement failure. Thus, each axle 
passage consumes some of the pavement life, presuming this life is expressed in terms of some finite 
number of load applications after which the pavement becomes unserviceable. 

Relationships between reduction in pavement serviceability and magnitude and cycles of axle 
loading were experimentally established in the AASHO Road Test, and they have been validated in 
subsequent research efforts. In part of the AASHO Road Test, sections of pavement were loaded 
with repeated cycles of the same axle load until a predetermined level of deterioration was reached. 
This deterioration, or residual serviceability, was assessed using the Present Serviceability Index (PSI), 
which was calculated from measurements of the pavement surface profile; observations of rutting and 
cracking; and consideration of any patching performed (HRB, 1962). This index, developed from 
input from pavement specialists, was specifically formulated to provide a general indication of a 
pavement’s ability to serve traffic. The index ranges from 1 to 5, with a value of 5 corresponding to 
a pavement in excellent condition. Pavements with a PSI of 2.0 and 2.5 for primary and interstate 
highways, respectively, would be considered in need of immediate repair, and a pavement with a PSI 
of 3.0 would be considered in need of repair in the near future (TRB, 1990b). The results of the 
AASHO Road Test were presented in terms of the cycles of axle loading at a given weight level 
necessary to reduce a given pavement to a certain PSI. Loads considered in the tests ranged from 
2 to 30 kips and 24 to 48 kips acting on single axles and tandems, respectively. 

The results of the AASHO Road Test have been used to determine the relative damage 
sustained by pavement under different axle loads. Relative damage was expressed with respect to the 
damage inflicted on the pavement by the passage of a single axle carrying 18,000 pounds (18,000 
pounds was the legal axle load limit in several states at the time of the AASHO Road Test, (Connor, 
1980)). A typical plot of the resulting relative damage or damage factor as a function of axle load 
is presented in Figure 1. 

The damage factors presented in Figure 1 are referred to as equivalent single axle loads 
(ESAL), and they indicate the number of 18,000 pound axle loads required to damage the pavement 
equivalent to a single passage of the axle load in question. For example, referring to Figure 1, a 
single axle loaded at 20,000 pounds (the legal limit specified in the Montana Code Annotated 
(M.C.A. 61-10-107, 1989) has a damage factor or ESAL of 1.49 on flexible pavement. Single passage 
of this axle does 1.49 times as much damage as passage of an axle loaded at 18,000 pounds. 
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LOAD, KIPS 


Figure 1. Typical ESAL to axle load relationship. 


The relationship between damage factor and axle load is non-linear. That is, as the load 
increases, the damage factor increases exponentially. Curves fitted to this data indicate a fourth order 
relationship between damage factor (relative damage potential) and axle weight. A single axle load 
of 26,000 pounds has an ESAL of approximately 4.31 for flexible pavement. Thus, loading this single 
axle with just 30 percent more weight (26,000 versus 20,000 pounds) results in almost three times as 
much pavement damage (4.31 versus 1.49 ESALS). An automobile axle carrying 2,000 pounds of 
weight has an ESAL of only 0.0003. Thus, it would require around 5,000 passages of an automobile 
axle to inflict as much damage on the pavement as passage of single axle loaded at 20,000 pounds 
(ratio of 1.49/0.0003). 

In the case of non-divisible loads, one measure of the excess damage associated with an 
overweight axle is the difference between the actual ESAL for the axle and the ESAL for the axle 
at the maximum unpermitted load. This approach presumes a certain volume of traffic was planned 
for at all unpermitted load levels in the design process, so the unexpected or extraordinary damage 
is simply associated with the overweight. By definition, it is impossible to split non-divisible loads and 
transport the parts within unpermitted weight limits. Thus, it is unnecessary to adjust the damage due 


to the overload to account for the damage that would be sustained by the pavement if the overload 
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was separated and transported in several lesser (and legally unpermitted) loads. 

Different ESAL to axle load relationships were developed from the AASHO test data for 
single and tandem axles. The results of the AASHO Road Test indicate that pavement damage 
decreases when the applied load is carried on closely spaced axles compared to widely spaced axles. 
Deacon (1990) attributed this decrease in damage for grouped versus single axles to, among other 
things, favorable interference in the stress patterns generated by the individual axles in the group. 
Due to this effect, the definition of discreet axles and axle groups is important in properly applying 
the ESAL approach to damage. Conceptually, axles can be considered in a group if they are spaced 
sufficiently close that their zones of influence (on the pavement) overlap. The theoretical limit at 
which axles act independently is approximately 120 inches (Deacon, 1988). The tandem axles used 
in the AASHO Road Test were spaced around 50 inches apart. Thus, the results of the AASHO 
Road Tests provide equivalency factors for spacings that are greater than 120 inches (single axle 
results) and approximately 50 inches (tandem axle results). Typical ESAL relationships developed 


from the road test data for these two cases are shown in Figure 2. 
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Figure 2. Typical ESAL to axle load relationships, single axles, tandems, tridems. 
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The ESAL to axle load relationships developed by AASHTO can be used to illustrate the 
significance of axle spacing on pavement damage. Referring to Figure 2, a 36,000 pound load carried 
on two single axles spaced at 50 inches (a tandem axle) has an ESAL of 1.38. This same load of 
36,000 pounds carried on two single axles spaced at 120 inches has an ESAL of 2.0 (1.0 for each axle 
acting singly). Thus, a relatively small increase in absolute axle spacing resulted in a 45 percent 
increase in pavement damage. Based on these observations, the commonly defined tandem axle 
consisting of two axles spaced 40 to 96 inches apart (TRB, 1990b), embraces a wide range of 
pavement damage potentials (ESAL values). This tandem axle definition is the statutory definition 
of tandems in Montana (61-10-107, M.C.A., 1989). 

ESAL to axle load relationships for tridems were analytically developed, as tridems were not 
included in the AASHO Road Test. One such relationship is shown in Figure 2 with the single axle 
and tandem relationships. Montana does not presently have a statutory tridem definition. A 
reasonable definition for a tridem is any three axles each spaced 40 to 96 inches from the next axle 
in the group (TRB, 1990b). Some vehicles are now equipped with quadrums, which are axle groups 
consisting of four closely spaced single axles. Information is presently being collected on the limited 
research that has been done on the damaging effects of quadrums. Evidence also exists that steering 
axles are more damaging than non-steering axles. Specific ESAL to axle load relationships, however, 
have not been developed for steering axles. 

The net ESAL or damage factor for a vehicle is simply the sum of the ESALs for the 
individual axles or axle groups for the vehicle. A typical ESAL value for a common tractor trailer 
configuration (labeled 3S2) loaded at the maximum unpermitted load allowed in Montana of 80 k 
(80,000 pounds) is 2.45, as illustrated in Figure 3. 

The approach to pavement damage described herein assumes that damage accumulation is 
independent of the order of the load cycles. That is, a given axle load does the same damage to the 
pavement early in the pavement life as well as later in life. Evidence exists, however, that once a 
certain level of deterioration is achieved, damage occurs at an increasing rate. Referring to the 
AASHO Road Test results, it appears this acceleration may occur at a present serviceability index 
of 2.5 to 3.0. The AASHTO approach to pavement design (AASHTO, 1986) apparently recognizes 
this situation, in that the approach utilizes different ESAL factors for different allowable levels of 
terminal serviceability (Pt) in the pavement. That is, for example, if a pavement design is based on 
an allowable deterioration to a PSI of 3.0, a 20 kip single axle load has an ESAL of 1.41. If this same 
pavement is designed to a terminal PSI of 2.0, a 20 kip single axle load has an ESAL of 1.56. This 
difference may be attributable to the fact that as the pavement deteriorates, a 20 kip axle load does 


increasing damage and uses up more of the pavement life. This trend is generally observed in both 
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TYPICAL 3S2 TRUCK 
LOADED AT 80 k (80000 Ibs) 


@ @ © @ @ 
Single Tandem Tandem 
re 
AXLE LOADS 12k 34 k 34k 
ESALs/AXLE = 0.23 1.11 1.11 


ESAL values from Fig. 2, selected based on load and axle type 


TOTAL ESALS (DAMAGE FACTOR) _ 993 + 1.11 + 1.11 = 2.45 


Figure 3. Calculation of net ESALs for a typical truck loaded at the maximum unpermitted 
load of 80k. 


flexible and rigid pavements, and for all axle types. 

At some level of axle load, the pavement will sustain sufficient damage during a single passage 
of the axle that its subsequent life will be significantly reduced. This situation can be guarded against 
by establishing absolute maximum axle loads that even permitted vehicles may not exceed (without 
extraordinary permission of highway authorities). Such absolute maximum loads can be reasonably, 
although indirectly, established based on the AASHTO ESAL to axle load relationships. Referring 
to the specific relationship for single axles presented in Figure 2, the ESALs (a) increase gradually 
with axle load up to a value of approximately 27 kips and (b) climb dramatically at axle loads above 
approximately 37 kips. To avoid the excessive ESAL values in the latter load regime, it would be 
reasonable to limit the maximum allowable single axle load, even in overweight situations, to a value 
between 27 and 37 kips. A reasonable upper load limit would perhaps be the central value within 
this range of 32 kips, which corresponds to an ESAL of 10. The ESAL relationships for tandems and 
tridems (also presented in Figure 2) do not exhibit the dramatic rise in ESALs at higher load levels 
that is observed in the single axle case. One approach to establishing maximum load limits for these 


axle configurations is to set the same maximum allowable ESAL on these axles as that established 
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for a single axle. Thus, the maximum loads allowed on tandems and tridems would be 60 kips and 


84 kips, respectively, corresponding to a maximum ESAL of 10. 


Tire Configuration and Inflation Pressure 
The damage sustained by pavement under a given axle load is influenced by the specific 


manner in which that load is transferred to the pavement through the tires. Parameters of concern 
with respect to tires include number (e.g., single or dual), size (i.e., width), and inflation pressure. 
These parameters may influence both the rutting and fatigue performance of the pavement (Deacon, 
1988). Many investigators have researched the effect of single versus dual tires on pavement damage 
(e.g., Deacon, 1988; Hallin, Sharma, and Mahoney, 1983). Deacon reported on several such studies, 
and in all cases, as the single tire width decreased, the damageability increased. The relative damage 
inflicted by single tires compared to dual tires ranged from 192 percent for a 10 inch wide tire on a 
3 inch thick flexible pavement to 110 percent for an 18 inch wide tire on a 9 inch thick rigid 
pavement. General load equivalency factors to account for single tire width (with respect to a 
standard dual tires, 10.00x20/12) developed by Scala and Porter (1981) for all pavements and as 


reported by Deacon are presented in Table 1. These factors range from 1.5 for 10 inch wide tires 


Table 1. Damage factors for various single tire vs. dual tire configurations (from Scala and 
Potter, 1981, as reported by Deacon, 1988). 


Single Tire Width 


Conversion Factor 


to Equivalent 
Standard Dual Tires 


Standard Dual Tires - 10.00x20/12 at 70 psi 


to 1.2 for 18 inch wide tires. The results of this and other studies might be criticized as 
overestimating the beneficial effects of dual versus single tires. These studies generally presume or 
encourage balanced load sharing between the tires forming the dual tire, while in actual practice, due 
to uneven tire pressures and tread wear, a significant imbalance in the shared load may occur. Any 
such imbalance results in increased pavement damage for the tandem axle. Note that the excessively 
wide single (balloon) tires used on some heavy equipment could possibly decrease pavement damage, 
and such tires may require special consideration in evaluating pavement damage. 

Bonaquist and his colleagues (1989) found that tire inflation pressure has only limited 


influence on the damage inflicted on flexible pavement by a given tire. Concern centered on the idea 
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that an increase in tire inflation pressure resulted in a decrease in the effective contact area between 
the tire and the pavement. This decrease in contact area could result in an attendant increase in 
contact stress that could conceivably lead to accelerated fatigue and rutting damage (TRB, 1990). 
Such concerns were certainly justified, in that several studies reported by TRB (1990) indicated truck 
tire inflation pressures averaged around 100 pounds per square inch, an increase of 20 to 30 percent 
over the average pressures (75 and 80 psi) used in the AASHO Road Test. One such study for 
example, performed in Montana (MDOH, 1984) and reported by TRB (1990), found an average 
pressure of 101 psi over a sampling of 2,365 trucks. An experimental study conducted by Bonaquist 
and his colleagues, however, showed that an inflation pressure of approximately 100 psi caused only 
10 percent more damage to flexible pavement then a pressure of 80 psi. The maximum inflation 
pressure considered in the study was 140 psi, at which an increase in damage of 30 percent was 
observed. Analyses conducted by Marshek and his colleagues (1986) imply that damage in rigid 


pavements is minimally influenced by tire pressure. 


Temperature 
Temperature at the time of loading has a greater effect on flexible pavement damage than 


tire inflation pressure (Bonaquist, Surdahl, and Mogawer, 1989). Notably, rutting damage has been 
linked to pavement temperature. In a study conducted in a warm climate, rutting occurred 5 times 
faster during a season with a central temperature of 95 deg F compared to a season with a central 
temperature of 60 deg F (Bissada and Al-Sanad, 1985). Rutting damage was attributed to excessive 
deformations in both the pavement and subgrade materials. Imposition of seasonal load limits based 


on temperature was recommended to reduce rutting damage. 


Pavement and Subgrade Configuration 
The amount of damage sustained by a pavement under the passage of a particular axle load 


is directly dependent on the type of pavement, its thickness, and the subgrade conditions. In the case 
of flexible pavements, various combinations of materials, thicknesses, and subgrade conditions can be 
collectively evaluated using the structural number (SN) (AASHTO, 1986). Values for SN range 
between 1 and 6, with a value of 6 corresponding to the strongest/best flexible pavement. A cross- 
section of a typical pavement with an SN of 3 is presented in Figure 4. The influence of pavement 
type (as represented by structural number) on its damageability can clearly be seen by comparing the 
relationship between ESAL and axle load level for pavements with different SN values. Such a 
comparison is presented in Figure 5 for SN values of 1, 3, and 5. At low load levels (approximately 


25 kips or less on a single axle), the ESAL factors are similar for all three SN values. At high load 
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levels, the ESAL factors decrease as the SN number increases. At a load of 32,000 pounds, for 
example, a 33 percent decrease in the ESAL factor is observed as the SN increases from 1 to 5. This 
trend is also observed in tandems and tridems (not shown in Figure 5). That is, the damage factors 
for tandems and tridems are similar for pavements with different SN values up to load levels of 
approximately 40 kips and 60 kips, respectively. At higher load levels, the damage factors decrease 
as the SN number increases. The damageability of rigid pavements is influenced to a limited extent 
by their thickness. Typical ESAL functions for pavement thicknesses of 6, 8, and 10 inches are 
presented in Figure 6. 

The ESAL to axle load relationships for "average" flexible (SN = 3) and rigid pavements (t 
= 8 inches) are similar for single axle loads, but they increasingly diverge at higher loads on tandems 
and tridems, as illustrated in Figure 7. Tandems and tridems inflict significantly more damage on a 
rigid pavement than on a flexible pavement at load levels greater than approximately 30 and 40 kips, 
respectively. The damage factors for rigid pavements are 60 to 100 percent higher than those for 


flexible pavements in this load regime, which covers the load levels expected in overweight situations. 


100 
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t = 6 inches 


80 Single Axle 
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Figure 6. Change in ESAL to axle load relationship for different thicknesses of rigid 
pavement. 
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Figure 7. Comparison of ESAL to axle load relationships for flexible (SN=3) and rigid 


(thickness of 8 inches) pavements. 


Environmental/Aging Effects 


While pavement will deteriorate due to adverse environmental conditions and aging 
independent of vehicle loads, the contribution of such factors to the over-all deterioration process 
is often less significant than that of axle/vehicle loads. In a fairly broad investigation conducted by 
Hudson and Flanagan (1987), the deterioration of sets of identical trafficked and untrafficked sections 
of pavement were studied at 14 different locations across the United States. In all cases, the 
trafficked pavement sections exhibited more damage than the untrafficked sections, and generally, 
the difference in observed damage was dramatic. The damaging effect of traffic was proportionally 
higher in harsh environments (Minnesota) relative to mild environments (Texas). 

While Hudson and Flanagan did not specifically quantify the proportion of pavement damage 
inflicted by traffic versus that attributable to weathering and aging, work of other investigators 
indicates that environmental and aging factors are responsible on the average for 20 percent of the 
observed deterioration in pavements. The damage attributed to environmental and aging factors 
ranged from approximately 8 to 50 percent of total pavement damage in various studies reviewed by 
the Oregon Department of Transportation (1986). In these studies, the relative magnitude of 


environmental and aging damage was influenced by specific climatic conditions, the type of pavement, 
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and the volume and type of traffic. Generally, as the volume of traffic (e.g., expressed in ESALS per 
day) decreases, the proportion of the pavement damage attributable to environmental factors 
increases. Note that adequate and relatively inexpensive surface maintenance (e.g., sealing) can 
potentially retard such deterioration in pavements. Thus, for example, in assessing environmental 
versus traffic related pavement costs, Georgia and Florida distinguish between surface (sealing) 
maintenance and roadway rehabilitation (resurfacing). In these states, environmental and aging 
factors are assumed responsible for approximately 80 percent of "surface" damage (repaired by 


sealing) and 25 percent of pavement damage (repaired by resurfacing). 


Comprehensive Damage Models 
Models have been proposed that simultaneously consider several of the aforementioned 


affects in arriving at a damage factor or "damaging power" of a given vehicle. Deacon, for example, 
worked on a damage expression of the form, 

D = sum(di) 
in which D is the total damageability for the vehicle and di is the damageability of each axle. The 
damageability of each axle was further calculated as, 

di = (Pe/Po)**a 
where Pe is the equivalent standard total load for the axle under consideration divided by a reference 
load, Po (e.g., 18000 pounds). The equivalent standard load for an axle is calculated as the product 
of the actual load on the axle and various factors as appropriate to account for differences between 
the actual and standard axle configuration. Deacon recommended the inclusion of factors for axle 
type, interaxle spacing, wheel type, tire pressure, and suspension type. Presuming values for these 
factors were available, and the exponent "a" could be determined, such an expression could be used 
to rigorously calculate the relative damageability of a given vehicle traveling on a particular highway. 


Insufficient information presently exists, however, to establish reliable values for all these factors. 


Cost Analyses 
Determination of the cost of long term pavement damage is a complex problem. This cost 


is integrally related to the pavement management strategy employed in constructing and maintaining 
the state transportation system. These management strategies are rationally developed to optimize 
resource use in operating the highway system, and they should lead to a degree of uniformity in 
highway costs. Often, however, these strategies must be modified in response to political, social, 
economic and other demands. These modifications can result in dramatic variations in effective 


pavement costs. Naturally, in computing life cycle costs of various paving options, the time value of 
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money can also be a significant (and a difficult to predict) factor. Recognizing the myriad of 
uncertainties involved in such complex calculations, it may be appropriate and adequate to estimate 
such costs using simple procedures. 

One approach to establishing an average cost of pavement damage is to simply consider 
highway costs for some period of time versus the estimated use over that same interval. Such an 
approach was used by Middleton and his colleagues (1988), for example, in developing a proposed 
overweight fee schedule for the state of Texas. ESAL use for typical highway sections over a 20 year 
period were estimated from available data. Use was expressed in terms of actual total ESALs 
experienced with overweight trucks, and the equivalent ESALs experienced with all overweight trucks 
converted to lower normal weight loads. Maintenance and rehabilitation costs associated with each 
scenario were estimated. An 8 percent increase in maintenance costs was observed in the overweight 
case versus the non-overweight case. The statewide cost of overweight vehicle traffic was then 
calculated as 8 percent of the rehabilitation and maintenance costs for one year. This cost was then 
prorated against the estimated overweight vehicle traffic for the year (projected from permit 
operations and weigh station data). Euritt (1987) presents a similar cost analyses reportedly 
performed in an earlier Texas study (Walton and Yu, 1983). 

Luhr and Fernando (1987) present an approach for assigning pavement damage cost to 
individual vehicles based on some cost for the pavement and the fraction of the pavement life 
consumed by the vehicle during its passage. The fraction of the pavement life consumed by the 
vehicle is related to the weight of its various axles, where this relationship is similar to that embodied 
in the AASHTO ESAL factors. Luhr and Fernando present an example in which rehabilitation costs 
for a certain roadway are assumed at $50,000/lane mile. The cost of the damage inflicted on the 


roadway by a vehicle that consumes 0.0003 percent of the life of the pavement in one passage is then, 


$50,000 * (0.0003) = $0.15/mile 
100 


Luhr and Fernando comment that both initial and rehabilitation costs should be considered in 
determining the pavement costs used in this approach. 

The damage/cost relationship postulated by Luhr and Fernando (1987) can be modified and 
used in conjunction with AASHTO ESAL factors to calculate an approximate cost of pavement 
damage inflicted by any vehicle on Montana highways. Assuming that 

(a) highways (either new construction or rehabilitation projects) are designed to carry a certain 


volume of traffic, expressed in ESALs, 
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(b) the total costs of recent highway projects are known, and 
(c) the percentages of pavement damage assignable to traffic and environmental sources are 
known or are assumed, 

the cost per design ESAL mile for a given highway can be simply obtained by dividing the cost of the 
project (per mile) by the design ESALs. The subsequent cost of the damage sustained by the 
highway by the passage of a single vehicle is the cost per ESAL per mile multiplied by total ESALS 
for the vehicle, the distance to be traveled, and the percentage of the total pavement damage 
assignable to traffic/load related factors (to account for environmental versus traffic related damage). 
Following the above described approach, the average cost of pavement damage in Montana 

due to traffic is $0.16/ESAL/mile. This cost is based on information provided by MDOH on actual 
highway costs and ESAL usage (Garber, 1990), and it represents average values for all the various 
segments of primary and interstate highway in the state. The cost of primary highways was calculated 
using an initial reconstruction cost for a typical two lane highway of $630,000 per mile and a cost of 
$170,000 per mile for any subsequent overlays. It was further assumed in this analysis that the 
highway would be overlayed twice (at twenty year intervals) before reconstruction was necessary. 
Thus, the cost of this highway over its useable 60 year life, independent of the time-value of money, 
was $970,000 ($630,000 + 2 x ($170,000)). Based on statewide data, the total amount of traffic 
expected on a typical primary highway over its useful life is 3,600,000 ESALs. This figure is based 
on an average traffic usage of 160 ESALs per day (this is the projected traffic volume in ten years, 
based on actual use in 1989) over a sixty year period. This is a relatively low volume of traffic, and, 
therefore, traffic loads were assumed to be responsible for only 60 percent of the pavement damage 
(the remaining 40 percent of the damage was assigned to environmental/aging processes). Based on 


these assumptions, the cost of traffic related pavement damage was found to be $0.162/ESAL/mile, 


$_970,000/mile x 0.60 = $0.162/ESAL/mile 
3,600,000 ESALS 


A similar calculation was performed for the interstate highway system using a 2 lane reconstruction 
cost of $795,000/mile and an overlay cost of $203,000. Assuming the roadway is overlayed twice (at 
12 year intervals) before reconstruction is necessary, the cost of the 2 lanes over the useable life of 
the roadway is $1,200,000 (795,000 + (2 x 203,000)). The total amount of traffic expected over the 
36 year useable life of the roadway was estimated at 6,000,000 ESALs, based on an average daily 
usage of 470 ESALs/day (projected traffic volume in 10 years, based on 1989 data). At this level of 


usage, traffic was assumed to be responsible for 80 percent of any observed pavement damage. Using 
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these values, the cost of the interstate highways was calculated to be $0.160/ESAL/mile. Thus, 
following this approach, both primary and interstate highways cost approximately $0.16/ESAL/mile. 
Passage of a fully loaded 3S2 truck, with a net ESAL factor of 2.45 (see Figure 3), for example, 
inflicts $0.39 of damage per mile of travel (2.45 ESALs x $0.16/ESAL/mile). Note that these analyses 
do not include any charge for routine highway maintenance (43 million dollars were spent by MDOH 
on routine highway maintenance in 1989 (Garber, 1990)), even though overweight vehicles are 
responsible for some of these costs. Insufficient information is available to accurately establish that 
portion of these costs directly attributable to overweight vehicle traffic. 

Euritt (1987) proposed another approach to assigning costs to overweight vehicle operators 
in Texas based on road user taxes and fees. Euritt determined the average annual user fee for heavy 
trucks in Texas by simply dividing the total revenue associated with user fees and taxes by the total 
number of registered trucks. Using extrapolations from weight and user data, he then determined 
the average overload for Texas trucks and applied this load to the most commonly overloaded truck 
configuration. He then calculated the ESAL values for the overloaded and legally loaded trucks, to 
establish the relative damageability of the overweight truck. Finally, he multiplied the ESAL ratio 
((ESAL max normal weight)/(ESAL avg. overweight)) times the average user fee to determine a user 
fee the overweight operator should have been charged. This approach does not necessarily recoup 
the cost of the pavement damage, but it does charge for this damage at a similar rate to that charged 
for normal weighting. 

The approach of Euritt (1987) can be approximately applied to Montana highways. The 
annual fee for a fully loaded unpermitted 3S2 truck with a gross vehicle weight of 80,000 is $ 988 in 
Montana. (61-10-201, M.C.A., 1989). A typical ESAL for this truck at this load is 2.45, as previously 
established. If this vehicle travelled an average of 300 miles per week (at a full load) for 50 weeks 
each year on Montana highways, it would travel 15,000 miles per year (this value requires further 
research and justification). Thus, the vehicle was assessed a fee of $ 0.027/ESAL/mile 
(988/15000/2.45). 


Conclusions 

Axle load and configuration are the most significant factors that influence the amount of 
damage sustained by pavement under vehicle loads. Each axle passage is a load event for the 
pavement with respect to the accumulation of fatigue damage and rutting. Thus, axle loads are more 
significant than the gross vehicle load in assessing the damage potential of a vehicle. Furthermore, 


test data obtained during the AASHO road test indicate that pavement damage increases at an 
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increasing rate (fourth order relationship) as axle load increases. Doubling of an axle load, for 
example, will result in a factor of 16 increase in the pavement damage. The various influences of 
other factors, such as tire width, tire pressure, pavement configuration, etc., on pavement damage, 
are dwarfed with respect to that of axle load. The damage sustained by the pavement varied only 30 
to 100 percent as these parameters varied across their respective ranges of "extreme" values. 

Therefore, in determining the pavement damage related to overweight vehicles, it is essential 
to at least consider axle load. Relationships between damage (expressed in ESALs) and axle load 
developed from the results of the AASHO road test can be used to quantify the relative damage 
inflicted on pavements for various axle loads and types. The various factors that influence these 
relationships (e.g., pavement type, pavement configuration, and terminal serviceability) should be 
considered in selecting a particular set of relationships to be used in a fee schedule. Using such an 
ESAL to axle load relationship, the excess damage sustained by the pavement due to the overweight 
can be simply expressed as the difference between the ESALs for the axle under the actual load and 
the ESALs for an identical axle loaded at the maximum unpermitted load level. 

The excess damage associated with any overload can be assigned a cost by multiplying the 
damage expressed in ESALs by a unit damage cost. This unit cost can be estimated as the ratio of 
an average project cost to an attendant average design life for recent pavement 
rehabilitation/construction projects. This unit cost is then modified (e.g., reduced by 20 or 40 
percent) to account for damage caused by non-traffic related factors, such as adverse environmental 
conditions and aging. While this cost analysis approach is simplistic, more sophisticated techniques 
may rely on uncertain information in arriving at a cost figure. Actual pavement costs are influenced 
by social, political, and economic factors beyond the control of the designer and that may be 


independent of technically prudent pavement management and rehabilitation strategies. 
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OVERWEIGHT FEE SCHEDULES, CURRENT PRACTICE 


General Remarks 

The assessment of fees for overweight vehicle travel is currently done on a state-by-state basis. 
In developing a fee schedule for Montana, it was of interest to generally review the philosophies 
adopted by other states in formulating their fee schedules. The fee schedule currently used in 
Montana for non-divisible overweight travel is simply based on distance travelled. Nationwide, fee 
schedule formulations range from simple flat fees to complex proration systems based on axle weight 
and distance traveled with provisions related to tire pressure and ambient temperature. The fee 
schedules used by neighboring states were of particular interest, in that various aspects of the 
economies and transportation systems in these states are similar to those in Montana. Both the form 


and absolute costs presented in these schedules were of interest in this study. 


Montana 

The current overweight fee schedule in Montana does not address the issue of 
pavement damage or attempt to recover any of the costs associated with pavement damage. Present 
regulations attempt to control and limit the travel of overweight vehicles so that pavement damage 
is minimized. These regulations are presented in Sections 61-10-101 through 61-10-110 of the M.C.A. 
Situations requiring a permit are clearly defined in Section 61-10-107 of the M.C.A. The maximum 
allowed gross weight of an unpermitted vehicle is 80,000 pounds. With respect to permitted vehicles, 
a formula is presented in Section 61-10-107 to calculate the maximum gross weight allowed for such 
vehicles, presuming axle and tire load restrictions are not violated. (This formula is the federal bridge 
formula, and its intent is to insure safe passage of vehicles over bridges.) Vehicles with a gross 
vehicle weight exceeding 80,000 pounds will pay a $20 trip permit fee or $100 term permit fee. In 
Section 61-10-121, authority is given highway officials to issue permits for loads that exceed the 
allowable values given in Sections 61-10-107 and 61-10-110. Currently, to minimize pavement 
damage, such permits generally are only issued for non-divisible loads and on a single trip basis (Galt, 
1990). Permits for divisible loads in excess of the limits specified in Section 61-10-107 of the M.C.A. 
are only issued in situations that involve highly unusual circumstances (in 1989, for example, only 14 
such permits were issued). 

Presuming an overweight vehicle is carrying a non-divisible load and bridge safety concerns 
are satisfied, a single trip permit is issued. In fiscal year 1990, 23,000 such permits were issued 
(Knuckles, 1990). The permit fees are charged based on mileage and consist of a charge of (a) $10 
for distances to and including 100 miles; (b) $30 for distances from 101 to 199 miles; and (c) $50 for 
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distances over 200 miles traveled. Highway officials also charge for analyses performed in support 
of special permit requests. Typical permits are presented in Appendix B. 

In summary, the current practice in Montana is to control overweight loads traveling in the 
state by regulations on axle loads and gross vehicle weight. If loads are in excess of standard and are 


non-divisible, provisions are provided for a permit. 


Nationwide 

Across the nation, a variety of fee schedules and permitting programs have been enacted by 
the states with respect to regulating overweight vehicle travel. These practices embody a variety of 
philosophies with respect to such traffic. In a recent review of these practices (Secretary of 
Transportation, 1990), the results of which are partially summarized in Table 2, only two practices 
stood out that were common to most states, namely, 

1) The maximum unpermitted single axle, tandem, and gross vehicle weights are 20,000; 

34,000; and 80,000 pounds; respectively. Most states rely on federal funding for 
highways, and receipt of this funding may be contingent upon adherence to these 
federally established load requirements. 

2) Overweight loads are allowed with a permit, which may be simply and inexpensively 
obtained for loads up to a certain gross vehicle weight. Above this weight, special 
permit provisions are invoked. 

Starting with these two premises, each state has established a unique permitting system, ranging in 
complexity from simple flat fees to complex weight and mileage charges designed to recoup pavement 
damage costs. 

The least complicated permit system is typified by that of Nebraska. Nebraska uses the load 
limits stated above to delineate overweight situations. If a vehicle is overweight, the federal bridge 
formula is used to determine the maximum allowable load. Presuming the load conforms to the 
bridge formula, the fee for a single trip is simply $15. At the other extreme of complexity are 
overweight programs such as those used in Wyoming and Louisiana, in which fees are based on 
consideration of gross weight, axle weight, and distance traveled. The fees assessed by these more 
complicated systems go up proportionally, although there does seem to be an average upper maximum 
of around $200.00. 
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Table 2 Summary of overweight fee practices, nationwide, non-divisible loads. 


Charge _ Weight Weight 
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Table prepared from information presented by the Secretary of Transportation (1990) for 
Fiscal Year 1988. 
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Although all states follow the federal guideline of 80,000 pounds for a maximum non- 
permitted gross vehicle weight, the maximum permitted gross vehicle weights vary. Simple and 
inexpensive permits are often available up to gross vehicle weights of approximately 100,000 pounds, 
presuming the vehicle is in conformance with the federal bridge formula and maximum axle loads. 
In general, however, there is no consensus as to what, if any, excess weight should be allowed. Some 
states have provisions for heavyweights, or loads significantly in excess of unpermitted load limits. 
In North Dakota, for example, overweights in excess of 105,500 pounds but less than 200,000 pounds 
are heavyweights, and are subject to a special fee schedule. To move loads in excess of 200,000 
pounds requires specific permission of the North Dakota Department of Transportation. The state 
of Michigan seems to have the highest allowable permitted weight of 154,000 pounds (TRB, 1980). 
Several states indicate that if some maximum gross vehicle weight is exceeded, the transportation 
department must be contacted for a special permit. Idaho specifically states that a minimum fee of 
$100 will be paid to the Engineering Department of the Department of Transportation to consider 
special permit requests for overloads in excess of maximum established limits, with the possibility of 
additional fees being assessed based on the analyses. 

Several states have seasonal load restrictions to control overweight traffic during periods when 
pavements are especially susceptible to damage due to environmental considerations (e.g., spring 
thaw, warm weather, etc.). North Dakota, for example, does not allow overweight vehicles to travel 


over flexible pavements when the ambient temperature exceeds 85 degrees F. 


Northwest Region 
The features of the overweight fee schedules used by states in the northwest region are 


summarized in Table 3. In general, states in the northwest region follow the basic federal load 
requirements which consist of 20,000 pounds on a single axle, 34,000 pounds on a tandem axle, and 
an 80,000 pound gross vehicle weight. Furthermore, most states in the northwest region have simple 
permit systems for gross vehicle weights up to 105,500 pounds, presuming the federal bridge formula 
is satisfied and axle load and tire load requirements are met. All the states in the region consider the 
magnitude of the overload and/or the distance traveled in arriving at a permit fee. The present fee 
schedules in Montana and Utah are perhaps the least costly and least complicated to administer, 
involving assessments based on broad categories of gross overload and/or distance traveled. Wyoming, 
conversely, checks both gross overweight and axle overweight in assessing permit fees. The 
controlling overweight of these two values is then used in calculating a fee based on the magnitude 
of the overload and the distance traveled. Slightly different fees are assessed for travel on interstate 


and primary highways. In Wyoming, an upper limit of $200 is set on fees. 
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Table 3. Salient features of fee practices used in neighboring states for non-divisible 
overweight loads Sa Seal from fee information directly provided by each state). 


ee Limits 
State Basis for Overweight Fee 
a Flat 
Admin. 


Idaho 105.5 x* xX* 
80 


Oregon 105.5 
80 


5 aan ar S) »< x 


Wyoming 1175) X*** bShiaby 
ikily/ 

Utah 129 » € Xe 
80 

South 15555 xX 

Dakota 80 

North 105: Sahat = EX Se 

Dakota 80 


A - Max. Gross Vehicle Wgt., with simple permit 
B - Max. Gross Vehicle Wgt., no permit 

* Federal Bridge Formula 

** No Apparent Maximum 

*** Federal Bridge or Other Formula 


In considering the regional trends that exist, it is necessary to address the need for at least 
regional cooperation to simplify transporting non-divisible loads throughout the Northwest. Section 
61-10-1101 of the M.C.A. specifically addresses these points. Article V states that a need exists for 
standard limits throughout the region. This item has been, for the most part, accomplished indirectly 
by the fact that all participating states are required to follow federal guidelines in order to obtain 
federal funding for their particular road system. Uniformity of fees, however, still needs to be 
addressed. At this time, there does not seem to be any kind of consensus as to what approach should 


be used in assessing fees, i.e., either axle weight or gross vehicle, or as to what these fees should be. 
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RECOMMENDATIONS: MONTANA OVERWEIGHT FEE SCHEDULE 


General Remarks 
A fee schedule for non-divisible overweight loads should: 
1) compensate the state for the extraordinary damage inflicted on the pavement 


by the overload, by fairly assessing a fee on the user, 


2) compensate the state for the cost of administering the fee program, 
3) be simple to use, thus minimizing errors and inconvenience to the user, and 
4) be consistent, as is reasonable, with current practice in other states. 


These criteria were assigned approximately equal importance in developing the fee schedule proposed 
herein. 

The new schedule proposed herein considers only axle load (as opposed to gross vehicle 
weight) in assessing pavement damage related fees. Damage calculations are based on the ESAL to 
axle load relationships developed from the AASHO Road Tests. This simple approach was adopted 
for several reasons based on the pavement damage issues previously discussed and the criteria listed 
above. Axle weight is clearly the most influential of the several parameters that affect pavement 
damage, and the relationship between axle load and pavement damage has been more thoroughly 
studied than the relationships between other sets of parameters, such as tire configuration and 
pavement damage. Some of these other parameters that influence pavement damage can simply be 
controlled using provisions already contained in the present overweight statutes. Notably, issues 
related to tire configuration and inflation pressure can be adequately addressed simply by enforcing 
existing statutory limits on these parameters. It may be possible in the future to more rigorously 
address these issues using a comprehensive damage model that includes these parameters as variables 
in the calculation of ESALs for an axle. 

In implementing the axle load fee schedule, only a single pavement type was considered in 
arriving at relative damage factors for various axle loads. In reality, each different pavement 
configuration (delineated by type and thickness of running surface, base, subgrade, subgrade 
conditions, etc.) has a unique set of ESAL factors. Generally, in Montana, several pavement 
configurations will be encountered along the length of any particular highway (MDOH, 1989). Thus, 
the damageability of a given vehicle, expressed in ESALs, will vary as the vehicle travels along the 
highway. The total damage inflicted by a particular vehicle across its entire route should then be 
calculated as the sum of the damage inflicted on each segment of different pavement it traverses. 
Calculation of total damage in this fashion would be a tedious operation without the aid of a 


computer. Thus, to simplify fee calculation, a single set of damage factors for an "average" pavement 
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was assumed for all pavement configurations. Note that if the permit operation is computerized, it 
may be possible to easily (a) obtain the particular pavements to be traversed by an overweight vehicle 
(from a road log database), (b) apply the appropriate damage factor relationships for each pavement, 


and (c) calculate the total pavement damage as the sum of damage for each pavement type. 


Schedule 

The proposed fee schedule for overweight vehicle traffic in Montana involves both 
administrative and pavement damage charges. The administrative charge is a flat fee of $10.00. This 
charge is assessed if (a) any axle on the vehicle is overweight, (b) the gross vehicle weight exceeds 
80,000 pounds, or (c) the bridge formula is violated. The pavement damage charge is based on axle 
loads rather then gross vehicle weight, as axle and axle group loads are more directly related to the 
accumulation of damage then simple gross vehicle weight. The amount of this charge is related to 
the magnitude of the overload on each axle or axle group and the distance traveled. This schedule 
should encourage users to properly weight vehicle axles to minimize pavement damage. Such an 
incentive is somewhat lacking in schedules based simply on gross vehicle weight. The proposed 
schedule also includes maximum allowable axle loads for overweight situations. These loads, 
established to prevent catastrophic pavement damage due to the passage of a single vehicle, will only 
be exceeded after engineering analyses. With the exception of the aforementioned points, the 
remaining provisions in the existing statutes that govern overweight vehicle travel will be unchanged. 
Notably, the maximum gross weight vehicle formula and the allowable vehicle tire loads presented 
in Section 61-10-107 of the M.C.A. remain in effect. Specific changes to the M.C.A. required to 
implement this fee schedule are presented in Appendix A. 

Following the proposed schedule, each axle group is weighed. The gross vehicle weight is 
then determined by summing the individual axle weights and/or by direct measurement. The axle 
weights and gross vehicle weight are then compared with the corresponding allowable unpermitted 
weights. These unpermitted weights will remain the same as in the current overweight vehicle 
regulations. If any allowable weight (individual axle or gross vehicle) is exceeded, the user will pay 
at least a $ 10.00 administration fee. If any of the axle weights exceeds the absolute maximum 
permitted load, as listed in Table 4 and further discussed below, the user will be denied a permit 
pending a satisfactory engineering analysis of the situation (to be paid for by the user). The vehicle 
weight and axle configuration must also be checked with respect to bridge safety, using the same 


procedures currently employed. 
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Table 4. Axle load limits, proposed fee schedule. 


Axle Configuration Maximum Unpermitted Load Maximum Permitted Load 
(Ibs) (Ibs) 


20,000 
34,000 60,000 
50,000 


Additional pavement damage fees will be assessed for each axle or axle group based on any 


excess load carried by the axle (or axle group) above unpermitted limits. This excess load will be 
expressed in terms of excess ESALs. An excess ESAL chart for single, tandem, and tridem axles 
loaded above maximum unpermitted levels of 20,000; 34,000; and 50,000 pounds, respectively, is 
presented in Table 5. The excess ESALS for all the axles comprising the vehicle will be summed up 
and multiplied by a cost factor expressed in terms of cost/ESAL/mile. This cost factor was calculated 
at $0.16/ESAL/mile. Fee schedules of this type have been proposed for Alaska and Texas in 
somewhat modified forms (Connor, 1980; Middleton, et.al., 1988; respectively), and Terrell and Bell 
(1987) convincingly advocate that all states should adopt damage based fee schedules of this form. 

The excess ESAL chart presented in Table 5 was obtained by subtracting the absolute ESAL 
value for each type of axle load at the maximum unpermitted limit from the actual ESAL value for 
the axle loaded at higher levels. The basic ESAL values for a given axle load vary with pavement 
type and terminal serviceability index, as previously discussed. In Montana, with a wide variation in 
pavement configurations and conditions, the ESAL relationship for an "average" flexible pavement 
with a structural number (SN) of 3.0 and a serviceability index (Pt) of 2.5, was selected as the basis 
for the overweight fee schedule. This ESAL relationship was previously presented in Figure 2. A 
structural number (SN) of 3.0 is a reasonable average representation of highway configurations in 
Montana based on limited inspection of MDOH road logs (MDOH, 1989). Serviceability indexes (Pt) 
of 2.0 and 2.5, for primary and interstate highways, respectively, are indicative of a pavement in 
immediate need of repair (TRB, 1990b). Review of the Montana Road Log (MDOH, 1989) clearly 
indicated that a majority of Montana Highways are constructed with flexible rather than rigid 
pavement. Nonetheless, the ESAL to axle load relationship for an "average" rigid pavement (8 inch 
thickness, Pt=2.5) is compared to that of an "average" flexible pavement in Figure 7. As previously 
noted, the flexible pavement relationship will generally yield lower damage factors for a given load 


than would be obtained using the rigid pavement relationship in axle overweight situations. 
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Table 5. Excess ESAL chart to be used in calculating permit fees following the schedule 
proposed herein. 


Axle Damage Factors (in ESALS) 
Tandem 


Single Axle Tridem 


Load Excess Load Excess Load Excess 

(Pounds) Damage (Pounds) Damage (Pounds) Damage 

Factor Factor Factor 
0000 = 20999 | 0.00 || 00000-34999 [0.00 [00000 - 50999 [0.00 | 
21000 - 21999 35000 - 35999 51000 - 51999 
22000 - 22999 36000 - 36999 52000 - 52999 
23000 - 23999 37000 - 37999 53000 - 53999 
24000 - 24999 38000 - 38999 54000 - 54999 
25000 - 25999 39000 - 39999 55000 - 55999 
26000 - 26999 40000 - 40999 56000 - 56999 lea £0.06. 9 | 
27000 - 27999 41000 - 41999 57000 - 57999 
28000 - 28999 42000 - 42999 58000 - 58999 
29000 - 29999 43000 - 43999 59000 - 59999 
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The maximum unpermitted axle loads currently mandated in Montana are 20,000 and 34,000 
pounds on single and tandem axles, respectively (Section 61-10-107, M.C.A., 1989). Presently, there 
is no specific weight limit on tridem axles, however, an unpermitted limit of 50,000 pounds is 
reasonable, based on the limit in several other states as reported by Middleton, Villarreal, and 
Blaschke (1988). Referring to Figure 2, the ESALs for these maximum permitted axle loads on 
single, tandem, and tridem axles are then 1.49, 1.11, and 1.24, respectively. These values were 
subtracted from the absolute ESAL values for various axle weights to obtain the EXCESS ESAL 
values reported in chart form in Table 5. Thus, for example, a tandem axle with a load of 44,000 
pounds has an absolute ESAL value of 2.99, as read from Figure 2. The excess ESALs associated 
with this axle load are equal to the absolute ESAL value minus the maximum unpermitted ESAL 
value, or 1.88 (2.99-1.11). This value of 1.88 could also be directly read in Table 5 for a tandem axle 
load of 44,000 pounds. 

Single passage of sufficiently high axle loads could result in a dramatic decrease in subsequent 
pavement life, as previously discussed. Thus, maximum axle loads have been set to preclude this 
occurrence at load levels of 32,000; 60,000; and 84,000 Ibs; for single axles, tandems, and tridems, 
respectively. These axle loads, as previously discussed, all correspond to an ESAL factor of 
approximately 10. Connors (1980) recommended any permit with excess ESALs of 6 or more be 
reviewed by engineers. A Texas study implied that if the total ESALs for all axles of a vehicle 
exceeded 8.2, special consideration was necessary (Middleton, Villarreal, and Blaschke, 1988). 

A representative pavement cost per ESAL per mile was calculated using average highway 
reconstruction and overlay costs divided by their attendant expected ESAL life. This value was then 
adjusted to account for traffic versus environmental/aging related costs. Following this approach, a 


value of $0.16 per ESAL per mile was obtained (see Section on Cost Analyses). 


Examples 
The use and cost impact of the fee schedule proposed herein can be illustrated through 


examples. Ten typical permits issued for overweight vehicles (single trip, non-divisible load) were 
obtained from MDOH for this purpose (see Appendix B). Each permit indicated, among other 
things, the configuration of the axles comprising the vehicle, the load on each axle (or axle group), 
the approximate distance to be traveled, and the overweight fee assessed using the present schedule. 
The overweight fee that would be assessed using the schedule proposed herein was calculated in each 
case using the information on the permit. An example calculation, for a composite vehicle 
representative of overweight situations, is presented in Figure 8. In this case, the permit fee of $95 


is primarily associated with the heavy load on the tandem axle. This charge could possibly be reduced 
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FEE CALCULATION 


for a 
TYPICAL OVERWEIGHT TRUCK 


LOADED AT 114.5 k (114500 lbs) 
150 Mile Trip 


LOADS 12k 48.5 k 54k 
AXLE DAMAGE 0.00 3.14 0.42 
FACTORS 
om Table 5, based on load and axle type 
TOTAL DAMAGE FACTOR 


= 0.00 + 3.14 + 0.42 = 3.56 
FOR THIS VEHICLE 


Exceeds maximum axle loads? No, OK to issue permit 

FEE CALCULATION 
Exceeds axle and/or gross vehicle limit? Yes $ 10 
Total Damage Factor x Unit Cost/Mile x Miles 


3.56 x $0.16 x 150 miles = $85 85 


Total Fee $ 95 


Figure 8. Example calculation of a permit fee following the proposed fee schedule. 
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by shifting the load toward the rear of the vehicle. Note that the permit fee under the existing 
schedule would only be $30.00. The fees calculated for all 10 vehicles are reported in Table 6 with 
the fee charged (for the overload) under the existing schedule. 

Referring to Table 6, while the net fees charged using the new schedule are higher than those 
from the existing schedule, some individual fees are lower. In such cases, the overweight is 
distributed on the axles in a manner that results in limited excess pavement damage, and the permit 
fees are low. Note that the average fee increase using the new schedule is $13 or 53 percent, and 
that the absolute maximum fee among this sample is $103. Note that these conclusions are based on 
a very small sample of overweight permits (10 out of the 23,000 permits issued annually). Particular 
categories of overweight traffic may experience larger increases in permit fees. A sampling of 26 
overweight trips initiating at the state border and generally involving travel distances in excess of 100 


miles produced an average increase in permit fees of $63 or 118 percent and a maximum fee of $399. 


Table 6. Comparison of typical permit fees charged using the existing schedule and the new 
schedule proposed herein. 


Overweight | Overweight Fee 
Distance Fee, Fee, Change 
Travelled New Existing (New- 
(Miles) Schedule Schedule Old) 
(Dollars) (Dollars) (Dollars) 
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Comparisons with Other States 
The overweight fees that would be charged for travel of the composite truck shown in Figure 


8 in several neighboring states were calculated and are listed in Table 7. The fee in Montana of $95, 
charged under the proposed schedule, is similar to the fees in Washington and Wyoming. Note that 
the composite truck would not be routinely allowed to operate even with a permit in the states of 
Washington, Oregon, and North Dakota. The tandem load of 48,500 pounds exceeds the maximum 
permitted tandem load allowed in these states. The axle configuration would have to be changed 


before the load could be moved in these states. 


Table 7. Comparison of typical permit fees charged in neighboring states with those charged 
in Montana under the existing and proposed fee schedules. 


State Permit Fee* 
(Dollars) 
Montana 
(existing 30 
schedule) 
Montana 
(proposed 95 


0 


Washington 


2 


South Dako 


Example - _ typical truck described in Figure 8, traveling 150 miles on primary/secondary 
highways 
*Permit Fee does not include any cost of engineering analyses 
**tandem axle load exceeds maximum allowable permit load of 42,000 Ibs 
***tandem axle load exceeds maximum allowable permit load of 43,000 Ibs 
****tandem axle load exceeds maximum allowable permit load of 48,000 Ibs 


Montana Penalties 


The penalties that would be assessed for unpermitted operation of the ten overweight vehicles 


considered herein is presented in Table 8. The penalties all significantly exceed the cost of the new 
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permit. Presuming the axles in the example vehicle of Figure 8 were all loaded to the maximum 
allowable permit loads, a fee of $603 would be charged using the new schedule, versus a fine of $2000 
for operating without a permit (under the current penalty schedule). Thus, in this relatively extreme 


situation, the permit fee is significantly below the fine for operating without a permit. 


Table 8. Comparison of typical permit fees charged using the fee schedule proposed herein 
with the existing penalties that would be assessed for operating without a permit. 


Penalty for Operating 
Permit Fee, Proposed Without a Permit, 
Schedule Existing Schedule* 
Permit No. (Dollars) (Dollars) 


*Fine is based on either gross or axle overweight, whichever is larger 
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SUMMARY 


Summary and Concluding Remarks 
A simple graduated fee schedule is proposed herein for single trip movement of overweight 


non-divisible loads on Montana highways. The schedule includes a flat fee to recover the cost of 
administering the fee program and a graduated fee to compensate the state for the excess 
(unanticipated) damage inflicted on the pavement by such traffic. (This schedule does not address 
any extraordinary damage inflicted on bridges by overweight vehicles.) The graduated portion of the 
fee is based on a net excess damage factor for the vehicle, which is determined from the load on each 
overweight axle comprising the vehicle. This part of the fee is calculated as the product of the net 
excess damage factor for the vehicle, the distance to be traveled, and a unit damage cost per mile. 
This schedule is proposed as a replacement for the present schedule that simply assesses flat fees 
(maximum of $50) for broad categories of distance traveled, without regard for the magnitude of the 
overweight and level of damage inflicted on the pavement. Maximum axle loads have also been 
recommended in the new schedule that will not be exceeded even in overweight situations. These 
loads have been established to prevent possible dramatic decreases in pavement life due to the 
passage of a single overload. 

Obvious advantages of the proposed schedule over the existing system include that (a) the 
cost of the overweight damage is recovered and (b) overweight vehicle operators are encouraged to 
properly distribute their loads across the vehicle axles to minimize pavement damage by the potential 
reward of lower permit fees. Example calculations using typical overweight situations indicate that 
the net permit fees will increase using the new schedule, while fees for individual vehicles may 
decrease, if the loads are positioned and supported on the vehicle’s axles so that pavement damage 
is minimized. While the form of the new schedule is not inconsistent with current practice in 
neighboring states, the assessed fees may exceed those charged in these states. The fees assessed 
using the new schedule are generally compatible with the fines that would be levied under the present 
system for unpermitted operation. Generally, the new permit fees are considerably lower than the 
existing fine schedule. 

The form of the damage related contribution to the overweight vehicle permit fee was 
determined after a study of the various factors that influence pavement damage (which was defined 
as the general deterioration in the serviceability of the pavement with use). This study revealed that 
pavement damage is affected by factors related to both the vehicle and the pavement. Factors of 
interest with respect to the vehicle included the axle loads, axle configurations, tire types, and tire 


pressures. Pavement related characteristics of interest included type, thickness, temperature, 
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subgrade, and present condition. Of all these factors, axle load and type overwhelming influence 
pavement damage, and use of this single factor in assessing the potential damageability of a vehicle 
was judged technically sufficient and practically desirable for the purpose of devising a simple, 
equitable fee schedule. Note that the proposed fee schedule may have to be modified to accomodate 
special circumstances in which the damaging effects of large axle loads are mitigated by other factors. 
Special consideration may be required, for example, for heavy equipment with wide, large diameter 
tires that minimize tire-to-pavement contact pressures. 

Following the schedule proposed herein, the net excess damage factor for an overweight 
vehicle is calculated as the sum of the excess damage factors for each axle or axle group. The excess 
damage for each axle is defined as the difference between the damage inflicted by the overweight axle 
and the damage that would be inflicted by an identical axle loaded at the maximum unpermitted limit. 
In both cases, the damage potential of the axle is determined using the damage to axle load 
relationships established from the results of the AASHO road tests. In these relationships, damage 
is quantified in terms of ESALs, or the number of passages of a single 18,000 pound axle required 
to inflict the same damage as a single passage of the axle in question. A single set of ESAL to axle 
load relationships was selected for use, representative of average pavement conditions in Montana. 
Thus, the excess damage factor for each axle is expressed as excess ESALs. The maximum 
unpermitted axle loads used in establishing excess values are 20,000; 34,000; and 50,000 pounds, 
respectively, for single, tandem, and tridem axles. 

The net damage factor for an overweight vehicle is multiplied by a unit damage cost and the 
distance traveled to obtain the damage related portion of the permit fee. This unit damage cost was 
simply estimated as the ratio of the average cost of pavement rehabilitation projects to the average 
expected life of these projects expressed in ESALs (modified to account for vehicular versus 
environmental/aging damage). Following this approach, a cost of $0.16 per ESAL per mile was 
determined as appropriate for use in this schedule. 

Maximum axle loads were established that will not be exceeded under any circumstances 
(without special review by authorized transportation officials) to preclude a possible significant 
decrease in subsequent pavement life due to the single passage of a sufficiently overweight axle. 
These limits were set at 32,000; 60,000; and 84,000 pounds for single axles, tandems, and tridems, 
respectively. 

Note that the proposed schedule only addresses the damage related to common axle 
configurations, namely, single axles, tandems, and tridems. Provisions may have to be developed for 


other axle configurations (such as quadrums), if their use becomes prevalent. 
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Recommendations 

The performance of the fee schedule proposed herein could possibly be improved by 
considering in the formulation more of the factors that influence pavement damagebility than simply 
axle load and type. Performance in this context denotes the ability of the schedule to fully recover 
pavement damage costs from the parties directly responsible for inflicting the damage. The schedule 
proposed herein, for example, fails to explicitly recognize the beneficial effect of using wide tires 
rather than narrow tires on an axle. The vehicle that inflicts less damage on the pavement by using 
wide tires is assessed the same pavement damage fee as the vehicle equipped with narrow tires that 
inflict substantially more damage on the pavement. Inclusion of additional factors in the damage 
formulation could also could allow for greater flexibility (e.g., choice in axle spacings, tire width, tire 
pressure, etc.) in moving non-divisible overweight loads and still insure that the state is adequately 
compensated for excess damage inflicted by these loads. Additional parameters could by included by 
using a mathematical expression similar to the comprehensive damage models previously introduced. 
In some cases, uncertainties in the various coefficients required for each parameter might offset the 
apparent increased refinement in the damage calculations. In any event, the excess damage 
associated with each axle would still be calculated as the difference between the absolute damage 
inflicted by the axle and the damage sustained for the same axle loaded at the maximum unpermitted 
load. 

The fee schedule proposed herein could also be refined by incrementally determining the fee 
for each different type of pavement to be traversed by the load. As previously commented, the 
relationship between axle load and pavement damage is influenced by pavement type. The unit cost 
of pavement damage could also reasonably vary with pavement type. Use of an incremental fee 
calculation along the route of the vehicle would allow both these factors to be considered. 

The modifications suggested above would result in a cumbersome fee calculation unless the 
process is computerized. The types of pavement used on the various highways across the state could 
(and may already) be stored in a computer database. This database could be supplemented with the 
damage relationships appropriate for each pavement type. Permit fees could then be calculated by 
entering into a program that accessed these databases. Program input might include the origin and 
destination of the overweight vehicle, the route numbers to be traveled, the weight and type of each 
axle, and other parameters (e.g. tire widths) as appropriate. Output would consist of the total 
overweight fee with a breakdown of per axle costs and recommendations for possible weight 
redistribution that would reduce the fee. Data entry could be facilitated by directly connecting the 
scale to the computer. Direct feed sensors could also possibly be installed to automatically determine 


the axle type (e.g., single, tandem, tridem) and measure the tire widths. 
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APPENDIX A 


DRAFT LEGISLATION FOR MONTANA, 
NON-DIVISIBLE OVERWEIGHT LOADS 


Presented in this appendix are specific modifications to Section 61 of the M.C.A 
recommended to implement the overweight non-divisible load fee schedule proposed herein. 
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Add to 61-10-107, following the first sentence 


No three consecutive axles each spaced more than 40 inches but less than 96 inches 
apart (tridem) may carry a load in excess of 50,000 pounds. Furthermore, the 
maximum permitted load on single, tandem, and tridem axles will not exceed 32,000; 
60,000; and 84,000 pounds, respectively, without the special permission of 
transportation officials. 


Replace 61-10-125 with the following statement: 


61-10-125. Other fees. (1) In addition to a basic permit fee of $10, there will be 
charged a fee determined by the formula: 


Fee = DCM 


in which D is the excess damage factor for the vehicle, calculated as the sum of the 
damage factors obtained from 61-10-125(2) for each axle group comprising the 
vehicle; C is a unit excess damage cost of $0.16; and M is the distance to be traveled 
in miles. 

(2) Excess damage factors for overloads on single axles, tandems, and tridems are 
set forth in the following table: 
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APPENDIX B 


TYPICAL OVERWEIGHT PERMITS, 
EXISTING FEE SCHEDULE 


Presented in this appendix are ten typical overweight fee permits issued by the State of 
Montana for single trip travel of overweight non-divisible loads. 
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STATE OF MONTANA DEPARTMENT OF HIGHWAYS 
GROSS VEHICLE WEIGHT DIVISION-P.O. BOX 4639 L1i2sd 
Helena, Montana 59604 


APPLICATION AND PERMIT Phone: (A.C. 406) 444-6130 

Permittee Name Aa es Se eee Date Issued /0 ron 20 

Aderess : OK aay p Time Issued vio ) 

Cats Nl indinr State Date Expires ELIT 

ISG Nie or nse Gor OCTVUAMENAR —O PS GAIN ong et ett eerie eet eee — pe tet le ev ye 
AOT Make T9729 Wh - Tvpe A“AQ-eLo7 Lid No/@ EDS ADs Wee om ATE. 


Ser. No. (power) 

Unit or Ser. No. (trir.) POY ee 0 a ene) Cae CG Yang nee eee od ee 
RSINNGTOK Ser mV Orl (Chir) perenne semen se een TAN ae aie eee EN Type LichNo mse State 
“Unit or Ser. No. ee Make Type 
Load (desgz iP 

From Wlinduaa “"* 
4faximum Permitted: Width 


THIS PORTION ISSUED FOR EXCESS iar =) PER CONDITION OF TERM PERMIT NO. 
O Limits Form 32F O Vehicle Analysis No. (IES © or indicate axle configuration and weight. 


O lbs. Ibs. 


PERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 


Ht Ss Aev 9°89 


) 


Trailer 


OO) 


VALID ONLY FOR THOSE ITEMS PUNCHED 


NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: T LPG.P ; ee a 
- Maximum speed 65 m.p.h. unless otherwise indicated, or posted. Sanaa! cs eee ry eterna eae oho. 
- 55 m.p.h. loads over 10’ wide and long combination vehicles unless otherwise indicated, or posted. ; 
1g PuelbPermtta eb bots anak. tke .00 
- Trip permits valid for 72 hours. VOID on leaving state. ie eat Sala a Oo 
- Permits shall be carried in vehicle at all times and are void if altered. T Tock’ Permi $ aa 
emporary Truck Permit ...... eel pacts eet} 
- A County or City permit may be required in addition to this permit for travel on county roads ie pba Se derge gh ie ~“ 
or city streets. 
, Ji Trailer'Permit)/ =..." 
- Restricted Route Load Permits subject to Sec. 61- 10-107 MCA. ip ae aah : = 
: a oe upon ae of ay and/or G.V.W. fees for year in which permit is issued. Wempotaryer alee Petmiy ita. 4 $ c 
- Permittee is responsible to determine clearance of structures. 
{ 3 : , Temporary Trailer Permit ..... $ ie 
pa ea Or no Restricted Route Load Permit... . $ Oo 
ae seen A whe Wiha ih A AE Ne Special Vehicle Comb ........ $ fs} 
ag a i ne 100’ Vehicle Comb (Term) ..... g 125.00 oO 
pe ee SpecialtPermitskee (rip) en -aih iene okt eee $10.00 O 
a Special’Permit)Fee(Term)|. #2 8.5.). 20 0. $75.00 O 
ee Weight Mileage (100 miles incl.) ......... $10.00 O 
ea De ei ee \ pe 7 
ee Weight Mileage (101-199 miles incl.) v7. ... $30.00 O 
Se ae - 

a ee a Weight Mileage (200 miles and over). ..2... $50.00 ¥P 
ee Special Permit Fee (5% or 7% First Scale) .... $10.00 O 
PSC Temporary Stamp Permit .......... $30.00 O 
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and to be responsible tor all personal and property damages whatsoever. [mn consideration of Deng 
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HELENA granted this permit, the perm agrees to indemnify the Department for all damages to highways 
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STATE OF MONTANA DEPARTMENT OF HIGHWAYS 1 : 
daa) 4 


GROSS VEHICLE WEIGHT DIVISION-P O. BOX 4639 
Helena, Montana 59604 
\PPLICATION AND PERMIT Phone: (A.C. 406) 444-6130 
Permittee Name Il AA LAL) ee 1 lLorthe: ad Date Issued [0 [ 40 


data GO! SAW ap Z é Time Issued Es, Yar i AQ ) 
A State IPL Date Expires DAMEN SES aD 


City 


A $C 
(Ce Newer ¥ Y LAL GAA AL fe SE Pse. No. 
; ) (te Make Cx7TIA Type LALitk Lic, No. GOO Statege ey 


Ser. No. (power 
Nai cape eee ieee eee hy De apm ee SIC MIN pment 


ee 
r.) Nae eee ere ere DC eee ee ICN Ges es See State 


Make Type Sener, ae eo State 
Total T.T.P. Miles OO -22 OG) 
La 


Height z Fr. 


Unit or Ser. No. (trlr 
Unit or Ser. No. (trl 

Ura or Ser. No. (trlr 
Load (describe): 
From 


Maximum Permitted: Width __ 4 Kees recess 5 at aes Shaman, ioee 
THIS PORTION ISSUED FOR EXCESS WEIGHT ONLY PER CONDITION OF TERM PERMIT NO. 
J Limits Form 32F O) Vehicle Analysis No. or indicate axle configuration and weight. 


oOcOo lbs. 
; G iA 


Jeep or Pup 


Stg. Disg 4 


PERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED VALID ONLY FOR THOSE ITEMS PUNC 

NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: t L P tye 4 vee 

- Maximum speed 65 m.p.h. unless otherwise indicated, or posted. Fay CPS PERE re eo 2 F $20.00 O 

- 55 m.p.h. loads over 10’ wide and long combination vehicles unless otherwise indicated, or posted. T Fuel P é Aes ~ 

- Trip permits valid for 72 hours. VOID on leaving state. TERpUvaLy Pek. PUTRE M SATs a0 

- Permits shall be carried in vehicle at all times and are void if altered. - - Truck P 2 $ q 

(a 4 GRO EES 
- A County or City permit may be required in addition to this permit for travel on county roads Teo ia abs Sy eck 
or City streets. 
) a lersPerinituewes en: 

- Restricted Route Load Permits subject to Sec. 61- 10-107 MCA. SPO Eay: Peeenticomt s ~ 

: i oa upon EE of Ae and/or G.V.W. fees for year in which permit is issued. eee cca tadebecnitaee . 5 = 

- Permittee is responsible to determine clearance of structures. 

% 
< : eh > ( Temporary Trailer Permit ..... $ Oo 

SS Restricted Route Load Permit... . $ Oo 
Special Vehicle Comb ........ $ B 
100’ Vehicle Comb (Term) ..... $ _125.00 O 

a Te da SEL aE SpecialyPermit hee: ((icip) memenetysiciey (ite) 5) ene $10.00 4 

eee ee ee Special Permit Fee (Term)............. $75.00 O 

ce A a cae ee SS a ee el a aera ree Weight Mileage (100 miles incl.) ......... $10.00 O 

eee ee eee eee ee Se Se Weight Mileage (101-199 miles incl.)....... $30.00 Sa 

ee Weight Mileage (200 miles and over). ...... $50.00 O 

a eee eee Special Permit Fee (5% or 7% First Scale) .... $10.00 O 
PSC Temporary Stamp|Permit .......... $30.00 O 
voID ENT IREVRERMED 6: 4s 6 40% we 
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D.O.H. nee Z le No. aR 
Helena Approval By 
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=ORM 32-Rev 5:88 STATE OF MONTANA DEPARTMENT OF HIGHWAYS 
GROSS VEHICLE WEIGHT DIVISION-P O BOX 4639 7 fe} fe) A 0 3 


° Helena, Montana 59604 
Phone: (A.C. 406) 444-6130 


APPLI€ATION AND PERMIT 
Permittee Name Date Issued Zi ATeZO 
GIcy _ State Date Expires 


[GC NWOnOCuUnS,. CO: PSC No 

Ser. No. (power) a Make Type yon Lic. No State / tA 2 ol 
Unit or Ser. No. (trlr.) Make Tipe eet LIC, NG: Caan eee SEITE 

Unit or Ser. No. (trlr.) Make Type iG: 9NO) ere et State 


State 


Unit or Ser. No. (trir.) 
Load (describe): 
From 


Total T.T.P. Miles 
Height 


THIS PORTION ISSUED FOR EXCESS WEIGHT ONLY PER CONDITION OF TERM PERMIT NO. 
3 Limits Form 32F © Vehicle Analysis No. or indicate axle configuration and weight. 


/b 000 Ibs. 47 640 vs, Ibs. SY 7 50 ae 
Stg. Drive 


o pal) ye L3y) YN BOO. 


PERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 


NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: : 
: atleast Memporarys ler. Ge Petmite are $20:00' & 
_ Maximum speed 65 m.p.h. unless otherwise indicated, or posted. : 
: ee 10’ wide unless TS indicated, or posted. TeMPOTITY FRE! Pernt a. 62h: ornate: $30.00 = 
. Trip Permits valid for 72 hours. VOID on leaving state. 
_ Permits shall be carried in vehicle at all times and are void if altered. y = 
: : pred 9: , ; Temporary Truck Permit...... Seth nt een fee 
_ A County or City permit may be required in addition to this permit for travel on county roads j 
of city streets. ; F mls 
Temporary Trailer Permit ..... $ fe 
_ Restricted Route Load Permits subject to Sec. 61-10-107 MCA. P Oia a ; ' 
: ee oe upon pustce of aot and/or G.V.W. fees for year in which permit is issued. Tempo Tait? Peamie oo cs $ = 
_ Permittee is responsible to determine clearance of structures. ; g 
Temporary Trailer Permit ..... ee ee 


NUMBERED RESTRICTIONS: 


OO 1. Travel during daylight hours only. 
O 2. No travel Saturday, Sunday, New Year’s, Memorial, Fourth of July, Labor Restricted Route Load Permit ..§ _.-___ = 


Day, Thanksgiving, Christmas Holidays or Friday preceeding if Holiday 


is on Saturday, or Monday if Holiday is on Sunday. Special Vehicle Comb. ........ $ G 
C 3. No travel after 3:00 pm Friday to sunrise Monday on routes listed on 
red route restrictions map. Hwy nos: _--_____-_----------- Special Permit Fee (Trip)......-...:.... $10.00 C 
O 4. Flag vehicles required front and rear on two-lane, rear on interstate if 
load exceeds width of travel lane from centerline to continuous shoulder Special Permit Fee (Term)..........---- $2500 = 
’ line or edge of paved surface, whichever is lesser. 
C5. Flag vehicle required rear on two-lane, over 100’ long, rear on interstate Weight Mileage (100 miles incl.)......... $10.00 rot 
over 110’ long. & 
* 0 6. Travel during hours of darkness provided full width and length of load Weight Mileage (101-199 miles incl.) ..... $30.00 C 
is lighted. Maximum 9’ wide, or 75’ long, or 14’6’” high. ; 
Ol 7. Speed not to exceed 5 mph over structures. Weight Mileage (200 miles and over) ..... $50.00 © 
(1 8. Speed not to exceed 5$ mph on interstate, 45 mph on two-lane. Two 


flag vehicles required at the rear on interstate, one front and one rear Special Permit Fee (5% or 7% First Scale)..$10.00 c 


flag vehicle on two-lane to clear structure of all traffic. Load to cross 


centerline of structure at 5 mph. PSC Temporary Stamp Permit........... $30.00 OF 


O 9. Issued per 61-10-144, MCA (5% or 7% First Scale). 
Sections 15-70-312 61-10-101 through 233, MCA. VOID ENTIRE PERMIT .......-..5.2+-.-255-* =, 


© 10. Other restrictions: me sert 
SS ee ar eer ene ror cougeten | LO of —— 
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ee { 
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STATE OF MONTANA DEPARTMENT OF HIGHWAYS 
GROSS VEHICLE WEIGHT DIVISION-P O. BOX 4639 
Helena, Montana 59604 
Phone: (A.C. 406) 444-6130 


789409 


APPLI€ATION AND, PERMIT 


Date Issued 


Permittee Name 

\ddress Time Issued _ , GO \@) 
CACY Date Expires Oo 0 = 
ICGNO;, of [as. Co: ios. NO 

Ser. NO. (power) Make wpe Lic. No. Ve AD Srate 7 jae 
ionit Oreser. NO, (rie) Make Type ice NOs State: o—- ee, s 
Unit or Ser. No. (trlr.) Type Lic. No. State 


ict No: State 


Unit or Ser. No. (trir 
Load (des 
From 


Total T.T.P. Miles 


— Limits Form 32F (J Vehicle Analysis No. 


/8 00 Ors. 4/ 000 Ibs. bs 
Seg. Drive Jeep_o Bo t of Pup 


PERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 
y VALID ONLY FOR THOSE ITEMS PUNCHED 
NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: . hy 
; sae em poratvalenGalheriii cae can Mees 20,00" ae 
. Maximum speed 65 m.p.h. unless otherwise indicated, or posted. 


: SUP baloads over 10’ wide unless ob rie indicated, or posted. Tenporiy fect Cennitaen, wee ee $30.00 

. Trip Permits valid for 72 hours. VOID on leaving state. 

. Permits shall be carried in vehicle at all times and are void if altered. ; a 
Temporary Truck Permit...... Se 


. A County or City permit may be required in addition to this permit for travel on county roads 


Of City streets. ; 2 
: : : f Temporary Trailer Permit ..... $ & 
. Restricted Route Load Permits subject to Sec. 61-10-107 MCA. 
. Permit void upon expiration of Reg. and/or G.V.W. fees for year in which permit is issued. k : 29 
svighrliacniente ® es a Temporary Trailer Permit ..... Se ena 
. Permittee is responsible to determine clearance of structures. M 
Temporary Trailer Permit ..... te cameramen cateceet S, 


NUMBERED RESTRICTIONS: 


C) 1. Travel during daylight hours only. 
C2. No cravel Saturday, Sunday, New Year's, Memorial, Fourth of July, Labor Restricted Route Load Permit ..$_.———Csts—“C—tsC<‘ 
Day, Thanksgiving, Christmas Holidays or Friday preceeding if Holiday 
is on Saturday, or Monday if Holiday is on Sunday. Special) VehicleiCombaneaee.= SF eee 
C) 3. No travel after 3:00 pm Friday to sunrise Monday on routes listed on 
red route testrictions MAD EW, 10S; eee nee See en eee Lee Specialpbermityree: (Lip) emer are arewe $10.00 © 
OC) 4. Flag vehicles required front and rear on two-lane, rear on interstate if 
load exceeds width of travel lane from centerline to continuous shoulder SpecialePermit keel (Term) ine ee eer $75.00 
; line or edge of paved surface, whichever is lesser. 
(0 5. Flag vehicle required rear on two-lane, over 100’ long, rear on interstate Weight Mileage (100 miles incl.)......... $10.00 ae 
over 110’ long. 
» © 6. Travel during hours of darkness provided full width and length of load Weight Mileage (101-199 miles incl.) ..... $30.00 O 
4 is lighted. Maximum 9’ wide, or 75’ long, or 14’6”’ high. 
OO 7. Speed not to exceed $§ mph over structures. Weight Mileage (200 miles and over)..... $50.00 C 
C8. Speed not to exceed 55 mph on interstate, 45 mph on two-lane. Two 
os 


flag vehicles required at the rear on interstate, one front and one rear 
flag vehicle on two-lane to clear structure of all traffic. Load to cross 
centerline of structure at 5 mph. 


Special Permit Fee (5% or 7% First Scale)..$10.00 


PS@elempocaryactamp Penmitern crn $30.00 


(9. Issued per 61-10-144, MCA (5% or 7% First Scale). 
Sections 15-70-312 61-10-101 through 233, MCA. VOLDEENTIIRE RBERMIM cases cne eae oaratres tse ena sora aes 
() 10. Other restrictions: 


fleiens ep net ih) Se ee ee a ee 


Permitree agrees co comply with all laws and regulacions. (0 take all reasonable satety precautions 


Collect State Fee $ ee Date ee Se ee dt nsible for all personal and property damages whatsoever In vonsidetation of deing 
H ELENA i A ced The ear the permittee agrees co indemnify the Department tor all neu to highways 
USE Sent to: = { and s(ruccures caused by the ent of the permitted ve x 
ONLY {] Transceiver: [ CCIS: © Orher__- Permittee By: 
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“GROSS VEHICLE WEIGHT DIVISION - P. O. ‘BOX 4639 ; 

Helena, Montana 59604 1 -) y 1 Us 
.PPLICATION AND PERMIT Phone: (A.C. 406) 444-6130 
ermittee Name brand S$ Date Issued Berea 29 
ddress Time Issued ALP. 
(ey ington Sate 0 Date Expires 02/90 
°C No. or Ins. Co. eee ee SENOS 
‘r. No. (power) 14 Make __' Type te Picn No 4 oe State ME 


iC rse NOM Cr) i.) nn ike ee eee ype ee LIC NO, eS State 
OES ea OM (Crt) eee enn Make eer SL Ype a ee Lic, Nov Stare 
) Maken ener y De eee Serene ic. NOs ae eee er, State 


jnit or Ser. No. (trlr. 


yad (describe): Baar. Hwy. Nos. ____Varthhus Statewide 
art insta hee Vie ee LO er Total T.T.P. Miles .. 200 
jaximum Permitted: Width hte in: is gee senses 6 ig nescence Fy Height Pieces nine 
‘HIS PORTION ISSUED FOR EXCESS WEIGHT ONLY PER CONDITION OF TERM PERMIT NO. 11823) 
) Limits Form 32F O) Vehicle Analysis No. ____ oor indicate axle configuration and weight. 


i 009 Ibs. Ibs. lbs. Ibs. Ibs. 
Stg. Drive Jeep or Pup Trailer Booster or Pup 
O we Bee [ee Bee 


‘ERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 
NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: 


VALID ONLY FOR THOSE ITEMS PUNCHED 


Maximum speed 65 m.p.h. unless otherwise indicated, or posted. UCT EE oti AS GB $20.00 0 
55 m.p-h. loads over 10’ wide and long combination vehicles unless otherwise indicated, or posted. : 
Trip permits valid for 72 hours. VOID on leaving state. Ses PO AEG SES BI $30.00 0 
Permits shall be carried in vehicle at all times and are void if altered. r Truck P , $ o 
em ruck Permit...... 
A County or City permit may be required in addition to this permit for travel on county roads esl Sea a 
or city streets. ; c 
Restricted Route Load Permits subject to Sec. 61-10-107 MCA. i aad oes Demis era : 0 
Permit vx upon oeeesuce of ae and/or G.V.W. fees for year in which permit is issued. Temporary Tralee Permit 2s 2. $ - 
Permittee is responsible to determine clearance of structures. 
‘ : T Trailer Permit ..... 
Not valii without term permit. Ee peda OES ot heh td : = 
Restricted Route Load Permit... . $ O 
Special Vehicle Comb ........ $ Oo 
100’ Vehicle Comb (Term) ..... $ 125.00 
Special Permit Fee (Trip) ............. $10.00 O 
F Special Permit Fee (Term)... . = =). - $75.00 O 
Weight Mileage (100 miles incl.) ......... $10.00 O 
> = 
Weight Mileage (101-199 miles incl.)....... $30.00 2 
Weight Mileage (200 miles and over). ...... $50.00 O 
Special Permit Fee (5% or 7% First Scale) .... $10.00 
PSC Temporary Stamp Permit .......... $30.00 OF 
dees VOID ENTIRE, PERMI Iomapenceer tea ele atom: nie Oo 
Total Collected Sul, OD eee 


D.O.H. By ___ Wilma Bogar No. 202 
Helena Approval By 
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GROSS VEHICLE WEIGHT DIVISION-P. 0. BOX 4639. Ly So Bhs. 
Helena, Montana 59604 ; 
\PPLICATION AND PERMIT Phone: (A.C. 406) 444-6130 


'ermittee Name Brana S Darewiesued 09.7% 28 3h 


\ddress tox Timetissued. 2 ee AGP 


‘ity 5 Sire TAY pp pe aad es Stavepeee spl ee S00) le Datenexpires LO L042 90 
cC No. or Ins. Co: 1 DS GaN Gees eo ee eee One ee 

er. No. (power) WE 1653-965 te Make ae ed iy per Kae LictNoss 4 9P=KA7 Re = State MT 
rece OR SC Mme (CYs] 5) ee ees N13 eee ee hy pee ic Nomen 8 ee Seate 
are OTASe Lom Onn (Cr Ls) ee renee wv a epee =a ype Lic Noge State 

Priicacase LerevOM (Cri L:) ae nnn Va Koper Ly pee Licg None Scare 

oad (describe): 
Re ee eee ee Ch er (gee Lose ei ingeton sie ee ek Total tePaMilese— = 200-2 
{aximum Permitted: Width tee eens i ee hee ee In: Height [ce aa IN Ts 
HIS PORTION ISSUED FOR EXCESS WEIGHT ONLY PER CONDITION OF TERM PERMIT NO. __-_ 12823) 
] Limits Form 32F O) Vehicle Analysis No, —___ oor indicate axle configuration and weight. 


9,909 lbs. 47,500 lbs. 


. 500 clole on elele 


PERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 
NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: 


VALID ONLY FOR THOSE ITEMS PUNCHED 


- Maximum speed 65 m.p.h. unless otherwise indicated, or posted. Temporary L.P.G. Permit... ...+..+... $20.00 O 
ste dag roads ere 10’ wide and long epeatmatiog vehicles unless otherwise indicated, or posted. aT earmeary EueLPamnt ee cee $30.00 0 
Trip permits valid for 72 hours. VOID on leaving state. 

Permits shall be carried in vehicle at all times and are void if altered. T eid Deconie $ = 

A County or City permit may be required in addition to this permit for travel on county roads SEO ay exaca cms aah; ",* ie 

OF City streets. 

. UW iirailer,Permit, 3. <<. $ 

Restricted Route Load Permits subject to Sec. 61- 10-107 MCA. a a a Ta = 

i me upon Beene of Reg. and/or G.V.W. fees for year in which permit is issued. (oe eee $ oO 

Permittee is responsible to determine clearance of structures. 
Temporary Trailer Permit ..... $ O 

Permit not valid without term permit. 

__Permit commences 10/01/90. 00 RestrictediRoutes Load pegmitig nS eee 
Special Vehicle Comb ........ $ Cj 
100’ Vehicle Comb (Term) ..... $2125.02) oO 
Special PermitiFee/(Trip) (6 3 25 3 = 4, - $10.00 O 

ae a TnL Special Permit Fee (Term)............. $75.00 O 
J 
a eee Weight Mileage (100 miles incl.) ......... $10.00 O 
a a RR RR raat 
Fi ee Weight Mileage (101-199 miles incl.)....... $30.00 __] 

a 
es Weight Mileage (200 miles and over). ...... $50.00 O 
eee Special Permit Fee (5% or 7% First Scale) .... $10.00 O 
neers PSC Temporary Stamp Permit .......... $30.00 O 
——_—— V@IDIENDIRESPERMIfe.). co. che <') oies) ae O 

; Total Collected ee cao" ae. 
Se ee D.O.H. By _____ Wilma _Bogar _. No. _404 __ 
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GROSS VEHICLE WEIGHT DIVISION -P.O. B 


ae WP bittative mo 


OX 4639 


LoL UT 


Helena, Montana 59604 


PPLICATION AND PERMIT 


Phone: (A.C. 406) 444-6130 


Baas USCS Wea FU pases TCO Sy RSD Ce ECC Date lssued® SO 7) 


ddress 


iitmetissucd -22 are IP 


I ea eNO CAC ge Date Expires OG ZOAiog So 


ZC No. or Ins. Co. NES SING ieee ete Se eee fel ee 8 
sr. No. (power) Make ily pe = crane — elie: }No; 2 SMe G=—15 Stare’ 2 MT 

nit or Ser. No. (trlr.) Make Type Lic. No. State 

‘nit or Ser. No. (trlr.) Make Type Lic. No. State 

‘nit or Ser. No. (trlr.) Make Type Lic. No. State 


* oad (describe): z Hwy. 
rom North Cc (3 Dovenan Via 


{aximum Permitted: Width Ft. 


= HWY 2 fess, les 


HIS PORTION ISSUED FOR EXCESS WEIGHT ONLY PER CONDITION OF TERM PERMIT NO. _____ 106718 


| Limits Form 32F O Vehicle Analysis No. 


22,500 


Ibs. 42,000 jpg. 
Stg. 


: S00 


-ERMIT SUBJECT TO ALL GENERAL CONDITIONS AND ANY PUNCHED 
NUMBERED AND WRITTEN RESTRICTIONS. GENERAL CONDITIONS: 


Maximum speed 65 m.p.h. unless otherwise indicated, or posted. 


55 m.p-h. loads over 10’ wide and long combination vehicles unless otherwise indicated, or posted. 


Trip permits valid for 72 hours. VOID on leaving state. 

Permits shall be carried in vehicle at all times and are void if altered. 

A County or City permit may be required in addition to this permit for travel on apis roads 
or city streets. 

Restricted Route Load Permits subject to Sec. 61-10-107 MCA. 

Permit void upon expiration of Reg. and/or G.V.W. fees for year in which permit is issued. 


Permittee is responsible to determine clearance of structures. 


Not valid without term permit. 


ba Z nae 
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Collect State Fee $ Date 

ELENA Se 

SE nt to: 

NLY O) Transceiver; O CcIs; O Other 


lbs. 
Jeep or Pup 
IO 


INGS; pe VAT OWS Sra Pre tie a: es 


o Rozeman Sr Wigh choo) — Toral T.T.P. Miles __-100 


| hg at Meats a | Height 1G nen at 


or indicate axle configuration and weight. 


lbs. lbs. 
Trailer Booster or Pup 
OOO ODO 


VALID ONLY FOR THOSE ITEMS PUNCHED 


Memporary il. C'G APermiten eck eee tee $20.00 O 
lemporacy ihuel Permit gens cio teks te tet toe $30.00 O 
Temporary Truck Permit...... $ O 
Temporary Trailer Permit ..... $ Oo 
Temporary Trailer Permit ..... $ Oo 
Temporary Trailer Permit ..... $ O 
Restricted Route Load Permit... . $ O 
Special Vehicle Comb ........ $ QO 
100’ Vehicle Comb (Term) ..... $ 125.00 Oo 
Special Permit Fee (Trip) ........--..- $10.00 O 
Special Permit Fee (Term)............. $75.00 O 
Weight Mileage (100 miles incl.) ......... $10.00 rs 
Weight Mileage (101-199 miles incl.)....... $30.00 O 
Weight Mileage (200 miles and over)....... $50.00 O 
Special Permit Fee (5% or 7% First Scale) . $10.00 O 
PSC Temporary Stamp Permit .......... $30.00 O 
MOIDJEN TIRE IPERMI Tie tos eiclenle we wile @) ee O 
Total Collected $ g0700 ee 


D.O.H. By —-Wilma Bogar——___. No. __404__ 
HelenayApproval By 3 
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GROSS VEHICLE WEIGHT DIVISION-P.0. BOX 4639 
Helena, Montana 59604 


PPLICATION AND PERMIT Phone: (A.C. 406) 444-6130 


Mix 


ermittee Name oble d 
ddress 
enone ew SO 2 Ol By) ee State 
S Now onins, Come Dimarco={Diercks Baus 


MT POMEL 


PSC No. 


wise AINA MOF AN iwiGlind UF tliatiwAso 


PSE seh 


LO ye, Oz 


Date Issued 
Time Issued 


sr. No. (power) Ves olee Fe ok Makes 2" TI AMACK ites —__Soet-Ve_____ 1te, hey, —6T=31823 Stare _ MT 
nit or Ser. No. (trlr.) Make See oe ee Sy pe a ee ic No: State 
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